We present the hamiltonian formulation of the Ghost Free Mimetic Massive Gravity theory. The linearized theory is studied and the hamitlonian equations of motion are analyzed. Poisson brackets are computed and closure is proved. To prove that this theory is ghostfree, the number of degrees of freedom is analyzed showing that we have only five degrees of freedom.
Introduction
The idea of Mimetic Gravity was first formulated by Chamseddine and Mukhanov [1] through the parametrization of the physical metric g µν interms of an auxiliary metricg µν and a scalar field φ, dubbed mimetic field. The same idea was formulated in [2] without the need of auxiliary metric but through the imposition of an additional constraint on the mimetic field. In [3] , it was shown that this theory can predict several cosmological solutions: inflation, bouncing universe... through the addition of an arbitrary potential V (φ) to the action. Dark energy could also be produced through the addition of an extra non dynamical scalar fields associated with new constraints [4] . In [5] and [6] , the theory of mimetic gravity was extended by the addition of a new function f (χ), where χ = φ. Through this function, Chamseddine and Mukhanov were able to prove that both Big Bang and Black Hole singularities are resolved through a specific choice of f (χ) function. Recently, Chamseddine and Mukhanov [7] were able to generate mass of graviton field with a mass term differing form that of Fierz Pauli's one without the presence of an extra ghost field.
In this paper we are going to consider the canonical formulation of this theory. The ADM formalism of general relativity was studied by Arnowitt, Deser and Misner in 1959 [8] . The ADM formalism of mimetic theory was constructed in [9] .
The aim of this paper is to analyze the hamiltonian equations of motion and to check that the theory doesn't lead to ghosts. Also, Poisson brackets will be computed.
Canonical Form
Consider the action of the mimetic massive theory [7] :
To construct the canonical formalism of this theory, the first step is to split the time component from space by rewriting the action in a 3+1 dimensional form. The mass term and the mimetic one are then given by
Inducing small metric perturbations and considering the small perturbations of the fields around broken symmetry phase, φ A and g µν can be written as
To first order in perturbation,h AB becomes
Let us restrict the action to second order in h µν and χ A noting that λ is of first order in perturbations. We get the simplified action
The momenta conjugate to χ 0 and χ i are respectively
By inverting the above two equations we can write bothχ 0 andχ i in terms of their corresponding momentȧ
In terms of momenta the Hamiltonian becomes
The hamiltonian is still a function of the Lagrange multiplier λ. However, it is independent of its time derivative; therefore, p λ = 0. This is a primary constraint and will imply a secondary constraint by demanding its time consistency
This allows us to find λ and it turns out to be
Substituting back in the Hamiltonian, we end up with
As mentioned above, this hamiltonian is for the mass term and the mimetic one. To form the complete hamiltonian, we still have to add the general relativity part. Considering the Einstein-Hilbert action in terms of the linearized metric h µν and keeping it up to second order, we have
where h = η µν h µν . Writing this in a 3 + 1 dimensional form, it is expressed in terms of the three variables h 00 , h 0k and h ik . The conjugate momenta corresponding to these variables are [11] 
By inverting the equation of Π mn we can write ∂ 0 h qt as follow
Therefore, the total hamiltonian (H φ + H g ) is
where h 00 is appearing as a lagrange multiplier.
Equations of Motion
Starting from the total hamiltonian constructed above the equations of motion are found by varying with respect to the variables χ 0 , χ i , P , P i and h ij . The equations of motion of χ 0 and χ i are respectivelẏ
The equations of motion of P and P i are respectivelẏ
Equation (24) is exactly the linearized mimetic constrainth 00 = 0
Substituting for P m in equation (25) using equation (9), and then replacing h byh, we get
The linearized form of the equationṖ = −∂ i P i is
which proves to be
The fourth equation (eq. 25) is simply returning the expression of P i (eq. 9). Using the identity
the equation of h ij proves to be
where
is invariant under the coordinate transformation (6) .
One of the equations of motion obtained is the constraint equationh 00 and the other three equations (27, 29 and 31) are exactly what was found in [7] .
Poisson Bracket and Degrees of Freedom
Computing the poisson brackets is important in analyzing the number of physical degrees of freedom. Let us start by considering the primary first class constraints
Furthermore, h 00 appears as a lagrange multiplier. Therefore, we have one more first primary constraint
The time change of these primary first class constraints will lead to a set of secondary frist class constraints. To get the time change, we compute the poisson brackets of the primary constraints with the total hamiltonian. The time change of T is
is the linearized form of
√ gh + λ √ g. Thus to first order, the above equation can be written as
Equation (36) is equivalent to
Using the expression of Π ij (equation (19)) and that of P k (equation (9)), this equation will be given by
which is equivalent to
The above equations (36, 37, 39 and 40) are exactly those found in [7] . The time change of N is
Counting the degrees of freedom, we have ten independent fields h µν and four independent field X A . This will give us a total of fourteen degrees of freedom. There are four primary first class constraints which lead to a set of four secondary class constraints. This will leave us with six degrees of freedom. There is one additional primary first class constraint; therefore, we end up having five degrees of freedom representing the massive graviton.
Looking at the Mimetic term
The hamiltonian (eq. 21) appears to be independent of lambda. To investigate the energy density of the mimetic term,this hamiltonian must be expanded up to second order in scalar perturbations [10] . For small perturbations, different fields are expanded as follows
Due to the mimetic constrainth 00 = 0, we get h 00 = −2χ 0 . Substituting these pertubations in (eq. 21), the scalar part of the hamiltonian becomes
Varying the above hamiltonian with respect to χ 0 where the momenta (eq.8 and eq.9), up to first order in scalar perturbations, are respectively
We getψ
The propagtor of the λ term shows thatλ ∝ mλ. This fact avoid the singularity m 2 → 0. For m 2 → 0 the energy density of the λ term becomes
For λ ≪ k 2 , the energy density is positive and the linear term dominats. One should not worry about the other case where λ > k 2 since perturbation theory will be no more valid in this limit.
Conclusion
In this paper, we have constructed the Hamiltonian formulation of Ghost Free Mimetic Massive gravity. In their approach, small metric perturbations were induced small perturbations of the fields around broken symmetry phase were considered. Therefore, the Einstein-Hilbert action was expressed in terms of the linearized metric h µν . We wrote the total action in a 3 + 1 dimensional form up to second order in perturbations, and found the momenta of each field. This enabled us to write the total Hamiltonian. The equations of motion were all found and it was proved that they are the same equations obtained in [7] . At the end, the poisson brackets of the contraints were computed and degrees of freedom were counted proving that we have five degrees of freedom corresponding to a massive graviton without ghosts.
